Health, School of Medicine, Keio University-This study was designed to assess the after effects of sarin exposure on the nervous system in victims of the Tokyo Subway Sarin Attack, which occurred on 20 March, 1995. We performed a similar study 3 yr after the disaster. This time, we newly enrolled 36 staff of the Teito Rapid Transit Authority (Tokyo Eidan subway) to assess the 7 yr after effects on the nervous system, and merged previous data including unpublished data to enhance statistical power. New subjects consisted of 23 male exposed subjects and 13 referent subjects matched for age and working types. Neurobehavioral tests for psychomotor function and memory, stabilometry, and Benton visual retention test were performed. As reported previously, the exposed group performed significantly less well in the psychomotor function test (tapping) than the referent group (117.8 ± 1.2 vs. 105.6 ± 1.2 msec). Using merged data, this phenomenon was also observed in a dose-dependent manner and the exposed group performed significantly less well in the backward digit span test (4.47 ± 1.17 vs. 5.11 ± 1.65 digits). These results indicate that chronic decline of psychomotor function and memory function still exist 7 yr after the sarin exposure. (J Occup Health 2005; 47: 299-304) 
Sarin is one of the synthetic organophosphate agents developed for potential military use. This agent immediately and strongly inhibits acetylcholinesterase activity, and causes disturbances of autonomic transmission at the muscarinic and nicotinic acetylcholine receptors 1) . In Japan, we have experienced two terrorist attacks with sarin. One was the sarin attack in Matsumoto city on 27 June, 1994, in which a large amount of sarin gas was released in a residential area and about 600 residents and rescue staff were exposed (58 were hospitalized and 7 died) 2) . The other was the Tokyo subway sarin attack on 20 March, 1995, in which ca. 5,500 passengers, subway workers, rescue staff and police officers were exposed and 12 died 3) . In addition to research on the mechanisms of acute sarin poisoning [4] [5] [6] [7] [8] , various studies have elucidated the chronic effects of sarin poisoning [9] [10] [11] [12] [13] [14] [15] [16] [17] . For example, chronic effects on memory function have been suggested by previous studies which have demonstrated disorders in the central nervous system o f s u b j e c t s e x p o s e d t o s a r i n b y a b n o r m a l electroencephalograms 9, 10) or abnormal evoked potentials 11) . One year follow-up health examinations for sarin victims in Matsumoto showed a reduction of sensory nerve conduction velocity and visual field defects in some cases 12) . Another epidemiological study using a community-based questionnaire showed some people still had symptoms such as asthenopia one year after intoxication in Matsumoto 13) . Computerized posturography of victims of the Tokyo subway attack 6-8 months after the poisoning showed a delayed effect on the vestibulo-cerebellar system 14) , and neurobehavioral tests showed significantly lower scores in the digit symbol test 15) . Rosenstock et al. 16) reported significant differences between subjects exposed to organophosphate pesticide and age-matched controls in the digit span test and Benton visual retention test, but no significant difference between the two in the tapping and simple reaction tests. Though cholinesterase activity is known to recover to normal levels in approximately 3 months 17) , these studies suggested the existence of chronic effects due to sarin. In 1998, we performed a cross-sectional study concerning effects of sarin on the nervous system in rescue staff and police officers 3 yr after the Tokyo subway sarin attack, and reported a decline in memory function 18) , but we failed to show a significant tapping time elongation, though a tendency was found. In 2002, 7 yr after the attack, we had the opportunity to investigate 26 sarin exposed and 13 referent subway workers of the Teito Rapid Transit Authority. In this paper, we report the effects of sarin on the nervous system 7 yr after sarin poisoning of the subway workers using a computerized neurobehavioral test battery for psychomotor and memory function and stabilometry.
Subjects and Methods

Study subjects
Seven years after the Tokyo subway sarin attack, 55 sarin exposed and referent subway workers voluntarily attended meetings explaining the purpose and procedures of a cross-sectional study to assess the health effects of sarin on sarin-exposed subway workers. Ultimately, 23 exposed and 13 referent subway workers gave their informed consent and enrolled in this study. Profiles of the study subjects are shown in Table 1 .
Exposed subway workers were older in age than the referents. Scores of the General Health Questionnaire (GHQ) and the Impact of Event Scale (IES) were significantly or marginally higher in the exposed workers than in the referents. There were no workers with a present illness or past histories of disease affecting the nervous system.
To assess the dose-effect relationship, it was necessary to classify the subjects according to their level of exposure, creating high-exposure and low-exposure groups. Since it was impossible to exactly estimate the exposure level of each subject, we assigned 5 workers who had been hospitalized immediately after poisoning to the high-exposure group, and 18 workers who attended hospitals as outpatients to the low-exposure group, based on replies in the self-administered questionnaire.
In order to make the effects of sarin more evident with higher statistical power, the data of this study and a previous study 18) were combined together, and re-analyzed. The number of the combined study subjects was 80 exposed subjects, consisting of 30 high-exposure and 50 lowexposure subjects, and 65 referents (Table 1) .
Neurobehavioral tests and stabilometry
Computerized neurobehavioral tests for psychomotor and memory function and stabilometry were performed using the same methods, apparatus and procedure as in the previous study 18) to evaluate the chronic effects of sarin on the nervous system. Briefly, finger tapping interval (dominant and non-dominant hands), simple reaction time and choice reaction time were measured for assessing psychomotor function, digit span (forward and backward) and the Benton visual memory retention test (BNT) were selected for checking memory function, and body sway was examined using a strain-gauge type force platform (Gravicorder GS-3000; ANIMA, Tokyo, Japan), first with the subjects' eyes open, then with their eyes closed for 60 s. In BNT, only the latter 5 geometric patterns out of the 10 original patterns were examined because the first 5 patterns are too simple for assessing short-term memory of healthy adults. Median values of the tapping intervals, simple reaction times, choice reaction times for correct answers, and the maximal digit number of the correct answers in both forward and backward digit span tests were used as representatives for each examinee. In stabilometry, the following body-sway parameters were used in this study: the total sway length of the center of foot pressure during the 60 s measurement (total length), sway length in the medio-lateral (X length) and anterior-posterior (Y length) directions, and the area enclosed within the envelope of the outer perimeter of the X-Y plot of the center of foot pressure (sway area).
Statistics
After appropriate transformation to obtain a normal distribution, mean values from the neurobehavioral tests (psychomotor function), as well as data from the stabilometry, were compared by Student's t-test between exposed and referent groups and one-way ANOVA among high-exposure, low-exposure and referent groups, respectively. A non-parametric method, the Wilcoxon rank sum test, was used for the values of memory function in the neurobehavioral test due to the discrete variables.
To control for possible confounding factors, a multiple regression model (continuous variables) or multiple logistic regression model (discrete variables) was applied.
In the multiple logistic regression analysis, a dummy value of 1 was assigned when the value of each criterion variable was the whole samples' median or worse. To adjust for confounding factors, we used exposure status (referents=0), age (yr), BMI (kg/m 2 ), educational level (college or higher=1), smoking (current smoker=1), drinking (habitual drinker=1), GHQ score (median or above=1), IES score (median or above=1), and postexposure period (3 yr=0, 7 yr=1) as explanatory variables. The trend test of the score versus exposure level was done by multiple regression analysis (exposure level: Referents 0, Low exposure 1, High exposure 2). Statistical analysis was performed using SPSS (version 11.5J, SPSS, Chicago IL, USA) or JMP (version 5.1.1J, SAS Institute, Cary NC, USA).
Results
The results of the neurobehavioral tests and stabilometry for the subway workers are shown in Tables  2 and 3 .
In spite of the relatively small number of participants and 7 yr interval after exposure, the exposed group performed less well in the finger tapping tests of both the dominant and non-dominant hands than the referent group. In the finger tapping of the dominant hand, the difference was statistically significant even after adjusting for age and other confounding factors using a multiple regression model, and the p value for the linear trend test was not at a significant level (p=0.062). Median numbers of forward digit span, backward digit span and correct answer of BNT were 1 unit lower in the exposed workers than in the referents though the difference was not statistically significant. Other neurobehavioral tests and stabilometry did not show exposure-related changes. The risk of sarin exposure on neurobehavioral function was estimated after adjusting for confounding variables by a Abbreviations and meanings of superscript : See Table 2 . Post-exposure period (3 yr=0, 7 yr=1) was included as an explanatory variable in the multiple regression model or in the multiple logistic regression model. logistic regression model and is shown in Table 2 . The odds ratios of sarin exposure in the finger tapping tests (dominant and non-dominant), digit span (forward and backward) and correct answer of BNT were higher than 1, but not statistically significant. The results of the neurobehavioral tests and stabilometry for the combined data of the subway workers in this study and those of rescue staff and police officers in the previous study are shown in Tables 3 and 4 .
To adjust for the difference in duration from sarin exposure for epidemiologic studies, the post-exposure period (3 yr= 0, 7 yr=1) was added as an explanatory variable. The finger tapping intervals of both the dominant and non-dominant hands were significantly slower in the high-exposure group than in the referents even after adjusting for age, post-exposure period, and other confounding variables, and the effects were significantly dose-dependent. The risk of sarin exposure in the high-exposure group was also significant in dominant finger tapping and non-dominant finger tapping. The digit number of the backward digit span test was significantly smaller in the exposed group than in the referents. The distribution of digit numbers in the backward digit span test in each group is illustrated in the Figure. The distributions among the three groups were visibly different, and the trend for dose-dependency was marginally significant (p=0.055) after adjusting for age, post-exposure period, and other confounding variables by a logistic regression model. Other neurobehavioral tests and stabilometry did not show exposure-related changes.
Discussion
Sarin-exposed subway workers performed less well in the tapping test (both dominant and non-dominant) than the referent group in a dose-dependent manner, in spite of the relatively low number of participants and 7 yr interval after exposure. The exposed group also performed less well in the memory function tests though the differences were not statistically significant probably due to the small number of the subjects. These results were consistent with the previous study conducted 3 yr after sarin exposure 18) . The consistency of these findings suggests causal relationships between exposure to sarin and these disturbances.
Thanks to enhanced statistical power, the combined data analysis shows that the differences and dosedependent trends of the interval of finger tapping in both the dominant and non-dominant hands and the digit number of the backward digit span test were more clearly highlighted. In our previous study, 3 yr after sarin exposure, this point failed to show significance 18) . The prevalence distribution of digit numbers of the backward digit span test shifted dose-dependently as shown in the Figure. These results strengthen the case for causal relationships between sarin exposure and these effects.
The recovery of these dysfunctions between 3 yr and 7 yr after exposure cannot be directly discussed because the two time series groups consisted of different people. Indirectly, however, the partial regression coefficients of the time series group variables are significantly negative in multiple regression models of tapping (dominant and non-dominant) and Benton mean errors, which suggests an improvement of the function during the intervening 4 yr. On the other hand, the partial regression coefficients of simple reaction time and choice reaction time are significantly positive, suggesting a worsening of function. In addition to the critical limitation that we were dealing with different groups in the two studies, these inconsistent results give us no clear indication of the degree of recovery or worsening during the intervening 4 yr. The only thing we can say with confidence is that there still exists a statistically significant decline of psychomotor function in subway staff 7 yr after exposure to sarin. Though we did not investigate all of the victims and the classification of high and low exposure was determined by the admission status, our results strongly suggest that a chronic decline of psychomotor function and memory function exist 7 yr after the exposure. For discussing the recovery of these dysfunctions in the time course, we need to study individual subjects in the future.
Conclusions
In conclusion, we observed a chronic, statistically significant decline of psychomotor function in subway staff 7 yr after exposure to sarin in the Tokyo subway sarin attack. By merging with previous data, the decline of memory function was also proved statistically in both univariate analysis and multivaliate analysis. The dosedependent relationship and consistency of these findings suggest a causal relationship between exposure to sarin and these disturbances.
Recognizing the long-term remaining toxicity to the central nervous system of sarin, it is desirable to elucidate the unknown mechanism of neurotoxicity other than cholinesterase inhibition and find new treatments based on the new pathophysiology.
